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other is that the coordination system between the I n this paper, we propose an immersive teleoper-helicopter and the operator changes drastically dealing method of unmanned helicopters which allows pending on the attitude of the helicopter. To solve an operator to control unmanned helicopters easily of these problems, several studies have been made on and intuitively as i f the operator is on board. In this autonomous helicopters [l, For instance, Tachi et el.
[5] designed and developed telexistence master slave system TELESAR for remote manipulation experiments, and preliminary evaluation experiments of telexistence were conducted for the first time. By comparing the telexistence master-slave system with a conventional system such as observing through a CRT display, the efficacy of the telexistence master-slave system and the superiority of the telexistence method were demonstrated experimentally.
Hightower et al. developed the Remote Presence
Demonstration System Greenman [G] . It had an exoskeletal master controller with kinematic equivalencv and sDatial corremondence of the torso, arms.
a transmitter is necessary to be installed on a helicopter. Therefore it is possible t o use a compact helicopter with a small payload, and make it light weight and cheap. Additionally, it becomes easy to control an unmanned helicopter because a coordination system between a helicopter and an operator doesn't change even when the attitude of a helicopter changes. Furthermore, au operator can keep controlling even when a helicopter is out of the operator's sight as long as the video image can reach the operator and the helicopter can receive the control signal.
Simulation
To verify the feasibility of the proposed method, we firstly developed a flight simulator and conducted comparative experiments.
System Configuration of Flight
and head. Its vision system consisted of two video cameras and eyepiece monitors mounted in an aviator's helmet. Even with its simple claw hands and no Simulator force or tactile feedback, novice operators were able to perform manipulative tasks without training.
However, there has been few studies that tried t o teleoperate unmanned helicopters. We consider the advantages of teleoperating unmanned helicopters, and the importance of an immersive teleoperating.
Consequently we propose an immersive teleoperating system for unmanned helicopters. The operator controls a helicopter wearing a HMD with an angle sensor and watch the image of the camera mounted on helicopter. In this mode, the operator can see the circumference of the helicopter as if the operator is on board.
Experiments with Flight Simulator
A task was given to five subjects to control the helicopter from a takeoff point to a landing point with cle. Since all subjects had no experience in operating a radio-controlled helicopter, the experiments were conducted after making practice for 10 minutes in both modes. Table 1 shows the experimental result comparing normal flight mode to immersive flight mode. The time to complete and the total flight distance from the takeoff point to the landing point are shown. Comparing by the time, all the subjects completed the task faster using immersive flight mode than using normal flight mode. Similarly compared by the total flight distance, three subjects(A, B and C) flew shortly using immersive flight mode. However all the other subjects(D and E) took almost the same time. Since A, B, and C cannot know the attitude of the helicopter when the operator is far apart from it, they cannot operate well in normal flight mode.
On the other hand, D and E get accustomed quickly to oparate the helicopter, they can operate it in both modes.
Therefore it is clear that the operator must take long time to complete the task in normal flight mode. Figure 6 and 7 illustrate the overview of the developed immersive teleoperating system, and Table 2 shows the specification of this system. In this system, an omnidirectional camera [7] and a wireless video transmitter are mounted at the bottom of the heli- copter. An omnidirectional image is sent by a transmitter (Figure 8 ). Using a hyperboloidal mirror, it is possible t o convert an omnidirectional image t o perspective images of a virtual camera. Since panning and tilting of the camera can be simulated by generating view-dependent images from omnidirectional images, there is no need t o attach the mechanisms t o rotate the camera on the helicopter. The system on the ground consists of a potable personal computer, a wireless video receiver, a HMD and an angle sensor. A received omnidirectional image is captured by the PC and converted into perspective images (Figure 9 ). Then the converted image is displayed on the HMD which the operator wears. The angle sensor attached to the HMD is utilized t o measure the head pose of the operator. Thc displayed image to the HMD changes depending on the head direction of the operator. As a result, the operator can control a helicopter with high immersion. 
Implementation
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Experiments with Developed Systern
In order to verify the feaibility of this system, we conduct an experiment to hover an unmmand helicopter using the developed system. The situation of an experiment is shown in Figure 11 . The operator controlled the unmmand helicopter while looking at only the image displayed on the HMD. We confirmed that it is possible to control the helicopter in the sit- As a result, it turned out that the operation of an unmanned helicopter became easy by using this method.
Then we developed an immersive teleoperating system of an unmanned helicopter which consists of an omnidirectional camera and a HMD with an angle sensor. The experimental results with flight simulator indicate our proposed method has an advantage over the conventional operating method.
